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Fig.1 Map of sampling sites at Jinfo Mountain
ID of samples: 1 —Hongyanzui spring; 2—Shunlongqiao spring;
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Table 1 Data of field measurements on spring water from Jinfo Mountain
Gy pH EC(  s/cm) T(C) Ca”(mg/ll) HCO;(mgl) F5Ei(m)
7H 9A 717H 9H 1A 9A 7HA 9A 1H 9A

1 7.24 - 531 - 19 - 106 - 170 - 630

2 7.45 755 381 413 17.8  19.7 92 84 183 192 640

3 7.17 - 540 - 18.4 - 130 - 292 - 649

4 8.28 - 688 - 25.6 - 49 - 225 - 675

6 7.67 7.5 336 472 174 162 48 66 189 308 688

7 8.18 823 370 334 218 303 62 52 198 186 702

5 7.78 7.95 187 257 146 178 46 48 91 134 730

8 771 779 370 406 16.6 21 56 52 225 237 740

9 7.88 797 322 322 147 1438 42 35 201 213 760

10 7.77 - 310 - 19.6 - 69 - 170 - 770

20 7.14 717 413 391 18.2 19 92 82 225 250 789

21 724 414 364 18 20.8 74 74 201 219 789

22 835 836 284 297 151 241 44 52 115 146 791

19 7.08 7.58 304 242 147 152 46 44 85 67 838

12 7.63 791 252 170 15.6 17 34 40 97 115 1289

15 8.22 8.28 247 225 183 16.5 40 40 158 158 1333

18 7.15 745 295 288 12.8 135 66 74 158 158 1344

16 7.04 6.71 206 192 135 162 28 23 30 36 1376

17 779 814 215 219 11.1 108 50 54 103 140 1526

11 771 824 160 174 12 10.9 54 47 128 122 1923

14 7.19 7.83 172 188 10 9.6 44 51 103 140 2018

13 723 741 94 107 9.5 9.2 33 31 112 85 2072

%2 ©HLURKEZER. S FHERESHEIEmeL)
Table 2 Data of laboratory analyses for major cations and anions in spring water from Jinfo
Mountain. All the measurements were carried out at the Lab of Southwest University

g HUZ Ca”’ Mg® K Na* HCO; cr S0,
5 FR THA  9A TH 9A TH 9H H 9HA TH 9H TH 9H T1H 9 H
4 € 50. 84 — 27.06 — 0.79 — 0. 02 — 229 - 6.16 - 50. 63 -
6 € 41.49 66.83 20.84 35.61 0.71 0.66 0. 28 0.49 195 277 1. 03 2.58 26.93 35.32
7 € 55.68  52.46 8.6 16.57 1.79 0.94 1. 34 1.73 153 149 5.75 5.71 26.43 24.32
8 € 67.08 54.62 10.79 27.15 0.65 0.53 0.19 0.3 255 242 0. 48 1.44 30.38 42.04
9 € 42.38 44.01 22.04 23.62 0.39 0.47 0.15 0.21 195 192 3.73 0.78 17.54 12.89
3 (@] 84. 63 — 3.78 — 0.81 — 2.88 — 291 - 6. 30 - 62. 23 -
5 (@] 35.84  46.94 2.34 4.9 0.77 0.63 1.16 2.73 97 117 1.51 2.94  55.57  26.96
10 (@] 61.01 55 3.18 8. 66 0.57 0.45 0. 58 0.83 172 146 2.88 1.40 24.70 25.50
12 (@] 27.06  38.62 1.94 3.93 0.1 0. 09 0. 25 0.41 88 97 10.34 0.16 6.93 13.13
15 (@] 48.22  40.26 6. 66 15.43  0.49 0.5 0. 25 0.37 157 135 8.97 0.29 20.01 14.70
16 (@] 29.52 21.8 3.58 6. 81 1.6 0. 86 5.72 4.71 36 33 9.04 5.77 19.52 15.01
18 S 59.21 72.99 3.58 4.77 0.21 0.2 0.53 0.59 168 155 2.77 1.76  28.65 25.42
19 S 42.81 38.61 6. 27 8.94 2.06 0.8 10.01 6.01 90 112 8. 87 5.51 54.58 36.86
20 S 83.64 89.58 2. 64 7.12 1.02 0.58 3.19 3.71 237 219 3.80 1.70 33.59 36.80
21 S 73.8 74.23 5.27 7 4.29 1.89 6.4 4.88 203 183 9.18 3.88 46.93 36.43
22 S 46. 58 52.4 5.47 10.69 1.28 0.88 5.03 5.83 122 115 1.78 1.83 50.14 53.27
2 P 65. 6 78.35 13.93 6.73 0.66 0.53 0.73 1. 57 174 170 4. 59 2.02 61.74 52.86
11 P 36.98 43.62 . b4 2.76 0.24 0.19 0. 07 0.22 111 107 4.25 0.39 5. 20 8. 20
13 P 19.11 28.4 0.95 2.38 0.26 0.33 0.5 0. 68 59 70 1. 64 5.38 3.47 6. 94
14 P 44.48  45.04 1.96 3.03 0.35 0.26 1.31 0.69 111 54 3. 05 2.19 7.91 7.63
17 P 43.3 51. 66 2.59 4.45 0.4 0. 26 0. 68 0.74 126 94 2. 26 0.49 36.06 39.59
1 T 96. 35 6.71 0. 66 3. 08 170 14. 86 88. 16
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Table 3 Division of spring groups and their spatial distribution at Jinfo Mountain

SREEIAE

PSR s

) 73 A i X

IREEL

IRBE2

IRBE3

IRBE4

11.

13. 14,

17

12, 15, 16. 18

4. 6~9

19~22

STl TR X N, R T 1500 m, ST &R KA, R KSBI A
BRL, SR T IR R

PEF4lm b Ly, #HE 1280~1380 m, HFETRIEEMEM R, Ca¥# HCOs
HIASE 2R 16 5 0% s B, BVRARHEAR (3T 3 MR S ks n

KELL T b PG, WHRAE 675~760 m, HFE T LAA &FUKRE N BRI A, M™%
AT

ST ma s, WARALE 789~838 m, T LA A RITb A S -9 HLJR b )7 645 i ie
BB AR, Ca™ M HCOs IR R R AR 77 380 204 21, 22 SR S#A TR,
22 S RHBHEE TR, 204 21 SNSRI TR A IRIX N, 22 5 m7K AR IR A2
AR, pH AN, A PAS ST RS2 B A S M50, pH ERIE, ALK RS

TR R ) S5 i i

FETEMLAES ST, B RN, A TR0 1 FUREE 3 2R ARL i

IRBES 5. 10

B

AZEVE AT ASZ SR 1 FIURBE 2 WL 205, T AAS AT I A PRy
AT el db, R TR RS, T =S R HE, SN TG,

REE6

ZNHH B UL haing, JLHAE Ca¥. HCOy. SO M EC, He™ IEih

0.002~0.009 mg/L, W] HESZ ARIEBSEIEN, A EARLFH R e A il

F4 SHLRKIEEHITHESER
Table 4 Calculation of saturation indexes of calcite, dolomite and gypsum
in springs at Jinfo Mountain
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Fig.6 Relationships between the altitude and saturation index
of calcite (Sic) in the springs of Jinfo Mountain
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Table 5 Data of 6 ®*O gow analysis of spring
waters from Jinfo Mountain

] & "*0smow /%o ] & "*0wmow /%o
5 7H 9O”H 5 7H 9H
1 -6.28 - 21 -7.20 -7.09
2 -6.51 -7.06 22 -7.05 -6.91
3 -6.05 - 19 -6.80 -7.10
4 -6.28 - 12 -5.98 -7.46
6 -6.89 -7.44 15 - -7.93
7 -6.34 -6.80 18 -7.28 -7.76
5 -6.69 -7.34 16 -6.70 -7.35
8 -6.93 -7.90 17 -7.84 -8.10
9 -6.86 -7.96 11 -7.53 -8.41
10 -6.50 -7.00 14 -8.27 -8.51
20 -7.23 -7.11 13 -7.44 -8.75

S L TR 7K -10.85%o

AOKIR AT e, TR R Lok A K S i e &k
ST, B Ca® Fl HCO 5 ¥k JE AL A B 3% [ 45 1 4K T
TR, PR e T X R K B ok BB & K 2
) ETHRA, FER A MR T B KAFEK,
PR, JRBE 3 0 = A R NS BUE I A 4R
KFE, FRIIZ IR A = AR KPR, 1wk
HERRAS TR AWZRMR T KEN CaMg
(CO;),, M HAB A RHERR 15 1 22 55298 A f
IR EE AN T% , XEFERRH = BKE
BRAEZSZFMNZSRNIKAEMWZZ T, WIREE1
FNIRBE 3, 7 A0 R 2 A7 I BEAE 2833 1000 m

R AR, WK P Y pH TR, B4 ST
U0 R, S U ST R 3 K TR
M J2= P Ry B S TE] AR 0 A A o DL B R
L HECO, FIAHLBR A BEAR, #RAEAE o H M Rk
T4 A=A AE RS BUE TR

4 45

(1)Ca*H 2006 4F 7 H B 40 F 2 55 % 53 A7 B8
S M T AR A RTIE S I  SCHR A AT A BT DX AR
KK AL 22 2 By . Ca—HCO; 4 Fil Ca Mg—HCO;
A LL Ca—HCO, B0 3

(2) = 9% Ly My X IR 7K ) R Ah 27 SRR A 32 22 A2
JEE M RTHLIE (52w N B R B T s R N
S5 A Ll b BT R S S R TSR K Y b sk Ak
PEFCREAS IR KR 3 Ry 6 A58 8, 4ol il ie s ]
S X,

(3) 4 0% Ll Hh DX b R K AR |2k R AR
KB T8 ARG KZR ETHRS SRR 7 i
A F = A R RS BOE B b 1 MR T
TE R R K Az B f 1) LA B A2 v AR A A s ol 1 A=
Y7 CO, FIA HLBR RO 45 1, XA DX T 7K B 5 1Y
A A AR B R A AR At T R B

St RGP A R E 2 E B )1 I B
A 5T A BB R B 5 AR R SO R SRR TR IS
B T A BT ANBURE RN S35 3 3 B b T 45 T RS 1

S % Lk (References) :

[1] R &, $RZFAT. 1R KOK S M. db st b E R R e,
2005:68—110.
Zhu Xueyu, Qian Xiaoxing. Groundwater Hydrology[M]. Beijing:
China Environmental Science Press, 2005:68—110 (in Chinese).

[2] Bty pg 122 5o (R Bl L) DA A5 4 Ze 2 4 B o KSR 44 JRE X —
S Bhil M. R TP AL, 199313,



ERLESN R

TR S Y A5 o A DG A 0 1Ly SR K R A 2 R AR K HE 3 ) 43 A 3

329

=

(o]

[7

8

The CPPCC NanChuan County Commission  “Jin Foshan
Mountain” Series Editorial Board. The Nation’s Key Scenic Spots —
Jin Foshan Mountain[M].Chongqing : Chongqing Publishing House,
1993:1-3(in Chinese).

WG 4 LR TR 2R OE R X ), PSR, 2002,
(21)4:55-57.

Dai Yanan. Mt. Jinfo karst environment and its countermeasures of
economic development[]]. Sichuan Environment, 2002, (21)4:55—
57(in Chinese with English abstract).

WOV R . B4 2R R TE S IR PR BT R P i B - LA i
HE OB B 5 ARG, 2004, 4.48—49.

Dai Yanan. Study of the significances of biodiversity conservation in
Jinfoshan mountain karst area [J]. Territory & Natural Resources
Study, 2004, 4:48—49(in Chinese with English abstract).

RS, B T, S bR S R G
SRR AL SRR SR M (7). DU S R 2 22 4 (F AR BR“2 Ji), 2003,
26(2):201-204.

Li Linli, Kuang Mingsheng, Jiang Yongjun, et al. Study on the Karst
ecosystem of Mountain Jinfo [J]. Journal of Sichuan Normal
University (Natural Science), 2003, 26(2):201—204(in Chinese with
English abstract).

ZEMROL, U KB AE, MK E SR KRR A ES RS
CO, WS FT()]. #47 H 3, 2004, 24(4) :326—331.

Li Linli, Gao Bo, Jiang Yongjun, et al. A study on CO,
concentration of epikarst ecosystem under different land —cover in
typical regions of the Mt. Jinfo [J]. Tropical Geography, 2004, 24
(4):326—331(in Chinese with English abstract).

SRAT, AREAR, BRI L, SF E DT R B A IR R R
BIT). T EEE, 1998, 17(3):196-211.

Zhang Ren, Zhu Xuewen, Han Daoshan, et al. Preliminary study on
karst caves of Mt. Jinfo, Nanchuan, Chongqing [J]. Carsologica Sinica,
1998, 17(3):196—211(in Chinese with English abstract).

KPR REAR R K SCHL TR 36 7 o K ST ER 1R 2 I BT L )]
PR, 1992, 11 (3):209-217.

Liu Zaihua. Study on the karst hydrogeochemistry of the Guilin
Karst hydrogeological experimental site[]]. Carsologica Sinica, 1992,
11 (3):209—217(in Chinese with English abstract).

Wz, AL AR, XA SF DT A I AR LT DO B E T R K 2
BRALFRHEXT LL )] s, 2006, 25(2):112—120.

Cao Yun, Li Hongchun, Liu Zaihua, et al. Comparison of

geochemical features of warm springs between Chongqing and

[10]

[1

(12]

(13]

(14]

(15]

16]

Kangding[J]. Carsologica Sinica, 1998, 17(3):112—120 (in Chinese
with English abstract).

BRz, BLAF, X7 R, 4 SN b Ig R 7K R 5 R 5 T

R Mg/Sr FO(H FI sk AL 22 R 48 [7]. T ECAE, 2006, 25(3)

177—186.

Li Junyun, Li Hongchun, Liu Ziqi, et al. Geochemical features and

Mg/Sr ratio of the samples from cave water and speleothem in

central western Guizhou, China [J]. Carsologica Sinica, 2006, 25,

(3):177—186(in Chinese with English abstract).

XK, XVPEGR, PoIr . 25 B 4k V4 AE B e b XK SCHER AL 27 R ik

FIE ALHI RS []]. HiERAE 2, 2007, 36(2):161—170.

Liu Yu, Liu Deshen, Sheng Licheng. Hydrogeochemical
characteristics and mechanisms of granite area in Weixi, Yunnan
Province [J]. Geochimica, 2007, 36 (2):161 =170 (in Chinese with
English abstract).

A T AR i DCH R K P Al A T B SRR A S L
). BT, 1996, 70(3):262—269.

Zeng Zhaohua. The background features and formation of
chemical elements of groundwater in the area of the middle and
lower beaches of the Yangtze River [J]. Acta Geologica Sinica,
1996, 70(3) :262—269(in Chinese with English abstract).

B0, R, R, 5. KB M 5 M), JE st 2 R AT

HRHE, 1989:24-25.

Lu Siguang, Zhou Huaidong, Li Yiting, et al. Water Quality Analysis
Method|[M]. Beijing: Academic Press, 1989:24—25 (in Chinese).
TIBSE, SRRV, SHVE MRS M. ER R MR, 1988, 14-15.
Yuan Daoxian, Cai Guihong. Karst Environment[M]. Chongqing:
Chongging Publishing House, 1988:14—15 (in Chinese).

RERME, LR, BifRoR, A5, IR X TR N K B AR T
A3 AT R KR IR A3 BT )] K SCHl R TR MR, 2006, 3:30—37.
Zhu Jingi, Wang Caihui, Lu Xurong, et al. An analysis of the
occurrence and influence factors of Fe*" and Mn*" in the shallow
groundwater in the Suzhou —Wuxi —Changzhou area [J].
Hydrogeology & Engineering Geology, 2006, 3:30—37 (in Chinese
with English abstract).

Kharaka Y K, Gunter W D, Affarwall P K, et al. Solmneq 88:A
computer Program Code for Geochemical Modeling of Water —
Rock Interactions[C]//U S Geological Survey Water Investigations

Report 88—05, 1988:207.



330 i %] i 2008 4F

=

Geochemical characteristics and spatial distribution of spring water
at Jinfo Mountain, Chongqing

GAO Yan—fang', LI Hong—chun'?, SHEN Li—cheng', YANG Ping—heng'

(1. College of Geographical Sciences, Southwest University, Chongqing 400715, China;
2. Department of Earth Sciences, Cheng—Kung University, Tainan, 70101 Taiwan, China)

Abstract: Spring waters of twenty —two springs at Jinfo Mountain, Chongqing, were sampled and their
geochemical characteristics were studied in detail during July and September 2006. Field and laboratory
measurements of the concentrations of major cations and anions and other physico—geochemical parameters in the
spring waters show that the hydrochemical types of these springs are Ca—HCO; and Ca and Mg—HCO,;, and on
that basis, combined with the geological and geomorphological characteristics of the springs, six spring groups may
be identified and the significance of the spatial distribution of these spring groups are discussed. The authors
calculated the saturation indexes of calcite, dolomite and gypsum in the springs, which can indicate the influences
of the lithology of the strata, topography and residence time of groundwater on the water quality. The results
show that the spring waters in the area mainly come from penetration of meteoric water, without mixture of
groundwater from the deep aquifer. The geochemical characteristics and spatial distribution of the spring waters
may well reflect the geology of the study area. This study may provide baseline data for the investigation of
groundwater resources and protection of the environment in the Jinfo Mountain area.

Key words:Jinfo Mountain ; Chongqing ; springs ; geochemistry ; regional geological ;karst area
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